Volatile organic compounds in honey represent a fingerprint of a specific honey and therefore could significantly affect the quality of honey brandy. In addition, during fermentation, yeast synthesise volatiles also affecting aroma and quality of brandy. The aim of this research was to assess the impact of immobilized cell fermentation on volatile aroma of honey brandies produced from acacia and chestnut honey. Aroma profile was determined using GC/FID and sensory analysis was conducted according to German DLG model. The results showed that immobilized cell technique had resulted in honey brandies with lower ester contents, but significantly higher content of volatile organic compounds from honey.
INTRODUCTION
Honey is probably among the first foods gathered by Homo sapiens and its predecessors. Beverages from fermented honey may well be one of the oldest alcoholic beverages in the history. Honey wine (mead) and honey brandy are deeply rooted in the culture of many nations, especially those nomadic ones, such as the Slavs and especially the old Croats (Bašić, 2006) . The quality of these fermented honey products depends on the type of honey, water and additives, as well as the type of fermentation process and yeast selection (Gupta and Sharma, 2009; Anjos et al., 2017) .
Alcoholic beverages are complex mixtures mainly comprised of ethanol, water and a large number of minor compounds that may be present in the raw materials or formed during the distinct stages of the manufacturing process such as: alcohols, acids, esters, aldehydes, polyphenols, metals, amino acids, etc. (Rodríguez Madrera and Suárez Vales, 2007) . From the chemical point of view, many factors are involved in profiling the quality of fresh honey brandy (those which have not been aged in wood). Also, the honey volatile substances play the important role.
These volatile organic compounds mainly come from groups of chemical compounds such as aldehyde, ketone, acid, alcohol, hydrocarbon, norisoprenoids, terpenes and benzene compounds, furan, pyran and their derivatives. They represent a fingerprint of a specific honey and therefore could significantly affect the quality of honey brandy (Bouseta et In addition, during fermentation many volatile compounds are formed by metabolic activity of yeast that also influences aroma. The composition of these compounds and their concentration depend largely on stress that yeast is exposed during the fermentation. Immobilized yeast cells are protected from the stress (1) and therefore they metabolise glucose more quickly and produce more ethanol. At the same time, activity of some enzymes, such as pyruvate decarboxylase and succinate dehydrogenase decreases, as well as metabolism of amino acids (Nedović et al., 2015) .
In addition to fermentation, distillation also influences aroma that will be carried over to the spirit. First, most volatile compounds are distilled in the first fraction or the head, than heart of distillate elaborates spirits and finally the tail comprises compounds with high boiling point. Head and tail are usually re-distilled (RodriguesBencomo et al., 2016). Distillation system influences content and composition of aroma compounds, as reported by Arrieta-Garay at al. (2013, 2014) .
The aim of this research was to assess the impact of immobilized cell fermentation on volatile aroma of honey brandy using GC/FID analysis (Hewlett Packard 5890 gas chromatograph with a split/splitless injector and FID detector was used. Analysis of wine Hewlett Packard sampler HP 7694 was used for the headspace and sensory analysis, according to German DLG model.
MATERIAL AND METHODS Honey
Samples of honey (Robinia pseudoacacia L.-acacia and Castanea sativa L.-chestnut) were taken from " Progresys" d.o.o. and introduced in the technological process of honey brandy production at "Zvečevo" d.d.
Mead fermentation
Control samples were produced using classical technological procedure with free selected yeast Fermol-Bouqet 125, described previously (Miličević et al., 2017) . The average duration of the fermentation under these conditions was 14 days.
The fermentation with selected yeast FermolBouqet 125 immobilized in Ca-alginate gel was also described previously (Miličević et al., 2017) . The average duration of fermentation under these conditions was 3 days for each set. The reusability of immobilized cultures was not tested.
For fermentations, 250 g/L of honey was used, totally 25 L of fermentation solution. Yeast was used in concentration of 20 g/100 L (as advised by manufacturer), Enovit 15 g/100 L.
All samples were taken at the end of fermentation before sedimentation, therefore the samples were insufficiently clear and slightly dull, being appropriate for the selected procedure for the distillate production.
Distillation
All the selected samples were distilled according to the same distillation protocol in copper clip distillation device according to the traditional brandy distillation protocol . Three main distillation fractions were obtained, and only the middle-run part (the 'heart' fraction) was used for further analyses.
After distillation, distillate rested in glass bottles for 30 days.
Each sample was produced in 3 parallels.
Chemical analysis of distillates
Instrumental analytical techniques were applied on the basis of the European Community Reference Methods for the analysis of brandies used gas chromatography (AOAC, 1995; EEC, 2000; EEC, 2008).
Analysis of volatile aroma compounds was done on a Hewlett Packard 5890 gas chromatograph with a split/splitless injector and FID detector in triplicates. Hewlett Packard sampler HP 7694 was used for the headspace analysis of wine. Analysis conditions were described elsewhere (Miličević et al., 2017) .
Sensory analyses
A sensory analysis of samples was performed by the method of positive ranking according to the German DLG model (Koch, 1986) . This model was based on 4 sensorial experiences, marked with grades from 0 to 5, including 0, while the average grade is multiplied by the significance factor.
Sensory assessment was conducted in two repetition cycles. Each group had ten qualified professional testers from alcoholic beverages industry, experienced in sensory assessment of distillates, and selected as described by Jellinek (1985) .
Statistical analysis of the results
Statistica 13.3® software was used. Results of the chemical analysis were analysed by analysis of variance (ANOVA) and Fisher's least significant difference (LSD) with significance defined at P<0.05. To get better insight into influence of the fermentation procedure on aroma and sensory properties, box plots of median values were made, with grouping by procedure (influence of the honey type was not considered in this step).
RESULTS AND DISCUSSION
The results of GC analysis of the distillates are shown in the Figure 1 shows that this rise of ethanol content in samples fermented with immobilized yeast cells is significant. Similar trend was observed in our previous researches Miličević et al., 2017) and reported by other authors as described in the review by Nedović et al. (2015) . ). However, since methanol content in alcoholic beverages is considered an important safety factor (Pohanka, 2016) , the fact that applying the fermentation process with immobilized yeast cells resulted in significant reduction of methanol content in honey brandy ( Figure 1 ) is of great importance.
As with previously described parameters, the total extract and acidity were not influenced by honey type used as a raw material (acacia or chestnut) ( Table 1) . Results for total acidity ranged from 344.10 to 470.85 mg/L, being in accordance with the results (40.04 mg/100 mL) published by Silva et al. (2017) for the honey brandy produced from wild honey of the western region of Santa Catarina, Brazil. However, using the fermentation process with immobilized yeast cells significantly reduced both of these parameters ( Figure  1) , showing the higher degree of fermentation, as was observed in our previous researches on fig (Miličević et al., 2017 ) and tangerine distillates . If fermentation influence is considered, higher proportions of these compounds are present in samples fermented with immobilized yeast cells ( Fig. 2 and 3) , although it has to be noted that hexanal differences were less pronounced. Marker compounds of chestnut honey: α-methylbenzyl alcohol and The total share of typical honey volatile substances was significantly higher in distillates produced by immobilized yeast cells. For acacia honey, typical volatiles are heptanal, cis-linalool oxide (Radović et al., 2001) and hexanal (Manyi-Loh et al., 2011a) and, as shown in Table 1 , they are more dominant in acacia honey brandy compared to chestnut brandy, regardless of fermentation procedure.
If fermentation influence is considered, higher proportions of these compounds are present in samples fermented with immobilized yeast cells ( Fig. 2 and 3) , although it has to be noted that hexanal differences were less pronounced. Marker compounds of chestnut honey: α-methylbenzyl alcohol and 2-methylhydrofuranone (Radović et al., 2001 ) were markedly higher in immobilized yeast-fermented samples (Fig. 2 and 3 ). Fig. 2 and 3 ). 
Figure 2. Influence of the fermentation procedure (classical or with immobilized yeast cells) on alcohols affecting aroma of honey brandy, regardless of the honey type used as a raw material (p≤0.05) Slika 2. Utjecaj procesa fermentacije (klasični ili s imobiliziranim stanicama kvasca) na udio alkohola koji utječu na aromu medne rakije (p≤0.05), ne uzimajući u obzir vrstu meda od kojega su proizvedeni
From the basic aroma profile of distillates (Table 1) , it is visible that the content of main components affecting the aroma profile has been reduced when using the fermentation process with immobilized yeast cells. It can result in reduced distillate characteristics.
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. Utjecaj procesa fermentacije (klasični ili s imobiliziranim stanicama kvasca) na udio identificiranih aldehida, ketona i kiselina koji utječu na aromu medne rakije (p≤0.05), ne uzimajući u obzir vrstu meda od kojega su proizvedeni
Esters play major role in aroma perception, giving fruity smell to alcoholic beverages (Plutowska et al., 2010) . Fig. 4 shows that they are present in significantly higher proportions in classically fermented brandies, giving them deeper aroma (Fenaroli, 2002; Plutowska and Wardencki, 2009 ). In addition, furfural, giving sweet aroma to honey (Manyi-Loh et al., 2011a) was also present in higher concentration in classically fermented brandies (Fig. 3) . Aldehydes are generally perceived as compounds with negative aroma characteristics of spirits (Plutowska et al., 2010) . If fermentation procedures are considered, regardless of honey type (Fig. 3) , it is clear that immobilized yeast cell-fermentation results in higher proportion of these compounds.
The average content of analysed aroma compounds did not differ significantly between the two honeys used in the research, because heating reduces honey aroma and probably floral fingerprint is lost during distillation process.
Slika 3. Utjecaj procesa fermentacije (klasični ili s imobiliziranim stanicama kvasca) na udio identificiranih aldehida, ketona i kiselina koji utječu na aromu medne rakije (p≤0.05), ne uzimajući u obzir vrstu meda od kojega su proizvedeni
Esters play major role in aroma perception, giving fruity smell to alcoholic beverages (Plutowska et al., 2010) . Fig. 4 shows that they are present in significantly higher proportions in classically fermented brandies, giving them deeper aroma (Fenaroli, 2002; Plutowska and Wardencki, 2009 ). In addition, furfural, giving sweet aroma to honey (Manyi-Loh et al., 2011a) was also present in higher concentration in classically fermented brandies (Fig. 3) . Aldehydes are generally perceived as compounds with negative aroma characteristics of spirits (Plutowska et al., 2010) . If fermentation procedures are considered, regardless of honey type (Fig. 3) , it is clear that immobilized yeast cellfermentation results in higher proportion of these compounds. The average content of analysed aroma compounds did not differ significantly between the two honeys used in the research, because heating reduces honey aroma and probably floral fingerprint is lost during distillation process. The differences between samples produced by different fermentation procedure did not reflect significantly on sensory properties determined by trained sensory panel ( The differences between samples produced by different fermentation procedure did not reflect significantly on sensory properties determined by trained sensory panel (Fig. 5) . All assessed parameters: colour, clearness, odour and taste were only slightly lower for immobilised yeast-fermented brandy and not statistically significant. An important investigation about sensory analysis of different honey spirits was conducted by the Anjos et al. (2017) . By tasting the fourteen different honey spirit samples a list of 98 attributes were obtained. They included 10 attributes related to the visual attributes, 53 attributes regarding to the orthonasal aroma and 33 related to the flavor. They concluded that the most important orthonasal attributes in the tested spirits were fruity, floral and sweet, as well as vegetative/herbaceous. However, the most frequent gustatory attributes are smoky, sweet and bitter. 
CONCLUSION
The results obtained in this research show that immobilised yeast fermentation in production of honey brandy results in higher content of volatile compounds characteristic for honey type, but somewhat negatively influences volatile compounds responsible for the aroma. It is reflected in ester concentration decreasing and aldehyde concentration increasing compared to classically fermented spirit. These changes, although statistically significant do not notably influence sensory properties of the brandy. The immobilised yeast cell fermentation is a promising tool in production of honey brandy. However, additional research is required to determine the potential of reuse of immobilised yeast cells and economical aspect of the process regarding its application in industry.
The applied distillation process resulted in no significant influence of honey type on the aroma of obtained distillates, pointing out that constant quality could be obtained by the process regardless of honey type. However, this should be confirmed by a larger number of honey types. 
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